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PWR SHUTDOWNDECAY HEAT REMOVALANALYSES IN SUPPORT OF TAP A-45

by

B. E. Boyack, R. J. Henninger, R. C. Smith
Energy Division

Los Alamos National Laboratory

lHTRODUCTION

The primary ❑ethod for removal of decay heat frnm pressurized water

reactorf~ (PWRS) is via the steam generators to the secondary systam usinR either

the main feedwater or auxiliary feedwater Bystems. The probabilistic risk

assessment reported in WASH 1400, later reliability studies, and related

experience from the Three Mile Island Unit 2 accident have reaffirmed that the

lows of capability to remove heat throu8h the steam generators i~ a significant

contributor to the possibility of core dama8e.

The US Nuclear Regulatory Commission (NRC) currently considers the adequacy

of shutdown decay heat removal to be an unresolved safety issue (USI A-45). The

purpose of Task Action Plan (TAP) A-451 is to “’evaluate the adequacy of current

licensing design requirements, to ensure that nuclear power planta do not pose

an unacceptable risk because of failure to remove shutdown decay heat.”’ A major

part of TAP A-45 is concerned with the transition from real:tor trip to hot

shutdown. AlBO of interest i~ the transition from hot ehutdown to cold shutdown

and ❑aintaining cold shutdown conditions. Although a liaited number of

alternative means for removal of ~hutdown decay heat from PWRS are bein~

examined by the NRC, this paper focuses on activities at the Los Alamos National

Laboratory to investigate the application of the “feed and bleed” concept as a

diverse alternative ❑ethod of removinR decay heat that does not rely on the use

of the steam generator.

ANALYSIS ACTIVITIES

An extensive program of decay h.’at removal analysis usinR :he TRAC-PF1

code2 is in progress at LOH Alamo~ National Laboratory. Therrnn]-hydrnultc

analymem of accidents invnlvin~ loss of all sccondnry cooling are being

performed. Thvae etudie~ arc evaluating the capability of Babcock and Wilcox

(B&W), Comhuntion Engineering (CE), and WestinRhousc (~) plants to remove drrny

heat uning a ‘“fe~d-and-bleed” opcr~tion. Audited plant models for opecjfjc

plmnls have bren developed and are in u~e. The specific planls ure oconoe-1

(Bh’d) , Cnlv@rt Cliffs-l (Cli), and Zion-1 (~). A common set of tralinjent

annlyncH hnm been ident ified and nrc bc~ng p~rformml for rncll plani . Th~ act of



tranaientt3 con~ista of 1) a loss-of-offsite power (LOSP) induced los.s-of-

feedwater (LOFW) event, 2) a LOFW event, 3) a combined ❑ain-steamline break

(MSLB) and LOFWevent, 4) a combined single-tube steam-generator tube rupture

(SGTR) and LOFW event, and 5) a combined main-feedwater-line break (MFLB) and

LOFW. For each of the five ●vents in the common set, a minimum of three

tranaiente are calculated. First a ba~e-line transient iB calculated for which

there is no actuation of the eafety ~njection (S1) system and no operator

intervention. This transient, which leads to core dryout, establishes the

timing of critical events such as steam-generator dryoutp primary system

saturation, containment overpreaeure, and the start of core heatup. T+e eecond

tranai%nt evaluates plant thermal-hydraulic performance coneic!ering ‘“feed’” only

operation after the safety-injection (S1) system signal, USU611:’ containment

overprea~ure. We define “’feed”’ only as a limited mode of ‘“feed and bleed”

cooling that occure when the operator does not open the power-operated relief

valves (PORVS) to reduce the primary pressure. The “’feed” of the emergency core

coolant (ECC) is at a primary &ystem pressure determined by the PORV aetpoint.

The third transient evaluatea the effectiveness of a “feed and bleed’” procedure

condu:tecl according to the appropriate operator emergency guideline. ““Feed and

b!,eed” cooling is effected by starting ECC injection (fend) and by opening

(bleed) the PORVS on top of the pressurizer to reduce primary system pressure.

An additional transient is calculated using a LOFWinitiator to determine the

eifectj’~eness of a “feed and bleed” procedure in coolinR and repressurizing the

plant to the design operating conditions of the residu~l heat removal (RHR)

system.

STATUS AND KLSULT~ TO DATE

The status and results obtained to date are presented in the following for

ench plqnt type. It should be noted thnt the results are for the ~pecific pl~nt

models indicated and do not apply to all reactors manufactured by the vendor.

However, efforts are in progrees to ext~nd the conclusions to similar plantH of

the name vender.

Oconee-1 (B&W)——

All calculation~ in the common tran~ient Bet have been completedp-:’ vl~lI

the exception of the uombined SGTR/LOFW tranajenL. Compnred t.o CE and W

reactors, atenm-~encrator-nccundary dryout occurB early in the tramient b~cnu~r

tllc onrc-through steam generntor~ hnve le~n ocrondary liquld inventory.

However, the Oconee-1 i?CC flow capacity at the PORV oetpolnt j~ lnrgr find the

plmnt can nucccnfifully mtiintain n atahlr oprration in the “’feed” modr urltjl tile



water EIupply 16 exhausted. If two high-pressure injection (HPI) pumps are

actuated before 1600 s for the LOSP transient and 900 e for the LOF’Wtransient

subcooling can be ❑aintained. Operating in the “feed and bleed” mode aide

cooling by lowering the primary pressure and increasing HPI output. Although

the early (<1000 s) character of the combined MSLB/LOFW transient differb from

the LOFWtransient, after 1000 L the transients are similar cnd the conclusions

for the LOFWtransient apply. The combined MFLB/LOFW transient is similar to a

LOFW transient with a compressed time scale to steam-generator-secondary dryout

and a ~imilar timescale thereafter. ““Feed and bleed”’ cooling in a once-through

mode can be maintained for approximately 9 h. Cnoldown and depreseuri~ation to

RHR system design conditions using only the contents of the refueling water

etorage tank can not be achieved. Either switchinu to the high-pressure

recirculation ❑ode, additional relief capacity, or an additional long-term once-

through water Bupply 1s required.

Zion-1 (Westinghouse)

The LOSP, LOFW and combined MSLB/LOFW caIculations6-10 have been completed.

The Zion-1 plant is characterized by a large PORV relief capactty and an ECC

system incorporating centrifug~l charging pumps that provide ❑oderate flows at

the PORV setpoint and high-head S1 pumps that begin delivering at a,1

intermediate pressure (< 1500 psig). The plant can successfully ❑aintain a

~table operation in the “’feed”’ ❑ode until the water supply IB exhausted. The

latest time at which Injection can be started and still ❑a~ntain subcoolinfi has

not been determined. Operating in the ‘“feed and ble~d” mode aids cooling hy

lowering the primary pressure and increasing ECC output. Cooldown and

depreasurization to RHR system design conditions usin~ a “fcrd and bleed”

procedure can be succe~~fully eccompliehed. As with Oconee-1., the early

character (< 3000 s) of the combined MSLIJ/LOFW transient differs from the LOFW

transient . After dryollt of the 6team ~eIIi?r13tOrE With intaCt RtF/IITI lineH nt

-]1OO s, the transieotn arc similar and the conclusions for the LOFW trnnfiie.n~

apply.

Calvert Cliff~-1 (CE)— . . .—__ .-——

Only the LOSP and LOFW transient have hcrn completed. Tt,c Cnlvcrt

CliffB-l plant i~ characterized by an intermediate l)ORV rrllt?f capacity (lar~rr

than (lconcc-1 and smnller than Zion-l), nnd a low S1 capacity at the I’(JRV

neLpofnL . For the L(3SP tran~ient, the plant cnn ❑aintain n ~table Op(’rnt ~ol)

wtll?ll “feed” IR Injtiatecl on containment overpre~~ure . Thr plnnt cull I-w

mn!n!ainrd iII thi~ condition until the writer au;)ply IR ex~]nuntrd. For the l,OFW

transient , the plnnl cnnnol mntntain a ntnblr opcrtit 10II ~nd cool the corr vhrn



‘“feed”’ 18 initiated on containment overpreaeure. The limited S1 capacity at the

POPV eetpoint is insufficient when the reactor coolant pumps (RCPN) are

~perating and adding -17.5 MW(t) to the primary system. A “’feed and bleed”

operation will be required for this plant and 16 expected to be mucceseiful.
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CURRENT LOS ALAMOS ACTIVITIES

OBJECT]VE

EVALUATECAPABILITY OF EX I STING PWRS TO
REMOVE DECAY HEAT USING “FEED & BLEED’
FOLLOWINC LOSS OF ALL SECONDARY COOLING

PLANTS TO BE ANALYZED

1. OCONEE- 1 \\&w)
2. CALVERT CI.1FFS- 1
3. Z1ON-1 illsW T] NGHOUSE)

ANALYSIS TOOL

TRAC-PF 1
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~.ANS I ENT ~’ET RATIONALE

BASE CASE
1

ESTABLISH T] MI NC OF CRITICAL EVENTS
1. STEAM-GENERATOR -SECONDARY DRYOUT
2. PRIMARY SYSTEM SATURAI’1ON
3. CONTAINMENTOVERPRESSURE
4. CORE HEATUP

ADEQUACY OF ECC AT PORV SETPOI NT

FEED & BLEED CASE

COMPATIBILITY OF PORVAND ECC FLOW CAPACITIES

SHUTDOWN TO RHR DESICN CONI)ITIONS—.— .
ATTAINMENT OF LONG–TERM CONTROL
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PLANT SIZING—— —

CALVERT
QcQNEE m Fm ?J_m

STEADY-STATE POWER 25ti4
(Mwt)

2700 3250

TCTAL SCI SECONDARY
I NVENTCIRY (kg)

35000 124700 173tJ40

NUMRER OF PORVS ONE TWO TWO

RATEI) PORV CAPACITY
(kg/s)

12.8 3(.37 53.0

ECC FLOW k /S

H

27.2 ti3 15.6
Al’ PORV S ~T$O N’1’
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— —

BASE CASE LOFW EVENTS (NO HP I)

TIME(s)

SG ARVS OPEN 14 239 91

PORV OPENS 140 1680 3110

CONTAINMENT 900 3000 4095
OVERPRESSURE

PR1 MARY SYSTEM 1200 2900 48’75
SATURATION

CORE HEATUP BEGINS 2200 4200 6200

● AUTOMATICOPEN ON REACTOR AND TURBINE TRIP
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OCONEE– 1 SUM?4ARY

FEED MODE

1. ECC CAPACITY SUFFICIENT TO COOL CORE
2. 2 HP1 BEFORE CONTAINMENT OVERPRESSURE

MAINTAINS SUXOOL:NG

FEED AND BLEED MODE

1. ENHANCES COOLINC BY LOWERING PRESSURE
AND lNCREASI NG HP] OUTPUT

2. AVOIDS CYCL1NC PORV

SHUTDOWN TO RHR USING FEED AND ZLEED

1. UNABLE TO REACH RHR SYSTEM DESIGN
CONDITIONS WHEN SYSTEM LIQU1D FULL
USING ONLY RWST CAPACITY

2. INCREASED PORV CAPACITY ALLOWS
SUCCESSFUL FEED AND BLEED PROCEDURE
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OCONEE UNIT 1 - SHUTDOWN TO RHR
DOUBLE PORV FLOW
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c~LVERT C~I FFS- 1 SUMMAFW

FEED MODE

1. THREE Cps” ON CONTAINMENT OVERPRESSURE
COOL, CORE FOR LOSP TRANSIENT

2. TIiREE CPS ON CONTA1NMENT OVERPRESSUR17 NOT
S(IFF]C]ENT TC PREVENT CORE VOIDING /,dD
HIJATUP FOR LOFW TRANSIENT

UE.D i\ND ELEEL?M!CQE

WORK I N PROGRESS

WORK IN PROGRESS

● CHARGl,~G PUMPS

@sAlarr,os I..- —.—————-——..—-



cAIYmTclms lMI—lnrw TRANsml

-
Owocl aooJooo40a’0 wibomoomoo8WOWOOWOM

w (c) ——

ZION- 1 SUMMARY

FE ED MODE

1. ENHANCES ALREADY ACCEPTABLE COOLING BY
INCREASING HP] OUTPUT

2, AVOIDS CYCLING PORV

W UTDOWN TO RHR USING FEED_AND BLEED

COOLS AND DEPRESSURIZES PRIMARY TCI RHR
SYSTEM DESIGN CONDITIONS WITH MARCIN
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